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Obijectives: Herpes simplex virus type 2 (HSV-2) is the most common cause of ulcerative genital dis-
ease in the United States, but infection is commonly unrecognised. Serological screening tests could
identify discordantly infected couples and permit targeted interventions to limit HSV-2 transmission. Our
objective was to evaluate the projected cost effectiveness of strategies to prevent HSV-2 transmission in
couples with no history of HSV-2 infection.

Methods: We created a mathematical model to simulate the natural history and costs of HSV-2 trans-
mission, and the expected impact of HSV-2 prevention strategies in monogamous, heterosexual
couples. Strategies evaluated included (i) no screening; (ii) universal condom use; and (iii) serological
screening for HSV-2 with condom use targeted to discordant couples. Screening tests considered
included western blot (WB), ELISA, and ELISA with confirmation of positive test results using WB
(ELISA  WB).

Results: Compared to no screening, the use of ELISA » WB prevented 38 future infections per 1000
couples, with a cost effectiveness ratio of $8200 per infection averted. The use of WB in all couples
had an incremental cost effectiveness ratio of $63 600 per infection averted. Strategies of ELISA alone
and universal condom use were not cost effective. The cost effectiveness of ELISA - WB improved with
increasing prevalence of HSV-2, but worsened with decreasing condom compliance. Screening with
ELISA alone was a reasonable strategy only when ELISA specificity increased to 99%.

Conclusions: Serological screening for unrecognised HSV-2 infection in monogamous, heterosexual
couples is expected to decrease the incidence of HSV-2 infection, but increase healthcare costs. For
couples choosing to be screened, a two step festing strategy (ELISA—WB) is recommended.
Recommendations for a national policy to conduct serological screening will depend on the value

cause of ulcerative genital disease in the United States,

with serological evidence of infection present in 22% of
adult Americans.' The prevalence of HSV-2 infection increased
by 30% between 1976 and 1994.°° The morbidity and
economic consequences attributable to HSV-2 infection are
substantial.' *> Infection with HSV-2 may result in a wide
spectrum of disease manifestations, including primary genital
herpes syndrome,® recurrent genital ulceration,”® and neo-
natal herpes simplex virus infection.”' Genital HSV-2
infection also appears to facilitate sexual transmission of the
human immunodeficiency virus (HIV)."

The regular use of condoms may decrease the rate of trans-
mission of HSV-2 infection by as much as 50%-75%."" Anti-
viral drugs such as aciclovir decrease viral shedding, and may
decrease the rate of transmission.”"” While individuals with
recognised HSV-2 infection may be able to employ such inter-
ventions to reduce transmission to sexual partners, many
infected individuals are not aware of their infection and are
therefore unlikely to use these interventions.’ **** The sexual
partners of individuals with asymptomatic or unrecognised
HSV-2 infection are vulnerable to the full spectrum of HSV-2
associated symptoms.” ** Transmission of HSV-2 infection by a
male with unrecognised infection to a pregnant female
partner may also result in maternal-fetal transmission of
HSV-2 infection, which may cause severe illness in the
neonate.”*

Consideration of serological screening is motivated by the
assumption that identifying an unrecognised infection with
HSV-2 in one member of a serodiscordant couple would lead to

| | erpes simplex virus type 2 (HSV-2) is the most common

placed on averting an incident HSV-2 infection.

effective interventions to decrease the risk of transmission to
the uninfected partner. An existing western blot (WB) assay is
often considered to be a “gold standard” test for HSV-2
infection,®” but is expensive and requires considerable
expertise for performance and interpretation. Recently, several
enzyme linked immunosorbent assays (ELISA) capable of dis-
tinguishing infection with HSV-2 from infection with herpes
simplex virus type 1 (HSV-1) have been developed. These
assays are less costly than WB assays, and have high sensitiv-
ity and specificity.”

Our objective was to synthesise the available data in order to
project the future impact of currently available HSV-2 screen-
ing methods on the future health of monogamous, hetero-
sexual couples with no history of symptomatic genital herpes.
In order to do so, we created a mathematical model that simu-
lated the natural history of HSV-2 transmission, and the
future costs and consequences of incident infection with
HSV-2.

METHODS

The model

We constructed a Markov model (using para 3.5 (Treeage Soft-
ware, Inc, Williamstown, MA, USA))*" that incorporated the
probability of discordant infection status in couples, the risk of
HSV-2 transmission, and future costs and consequences of new
HSV-2 infections. The model was used to evaluate the cost
effectiveness of HSV-2 control policies in a target population of
hypothetical 25 year old couples planning to embark on a future
monogamous, heterosexual relation that might include child-
bearing. Data on the prevalence of HSV-2 infection and the
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Figure 1 Markov model of initially asymptomatic couple with

discordant HSV-2 infection status. The model has three couple health
states as shown above. Allowed transitions between health states are
indicated by arrows. The health states include: (i) asymptomatic
couple with discordant infection status; (i) asymptomatic couple with
concordant infection status; and (iii) couple with concordant infection
status, with one partner experiencing symptomatic HSV-2 infection.
In couples with discordant infection status, infection may be
transmitted to the uninfected partner as time passes. An individual
who acquires symptomatic infection with HSV-2 may move first
through a temporary “primary genital herpes” health state,
characterised by the possibility of hospitalisation and increased
healthcare costs.

probability of symptomatic infection were used to estimate the
proportion of couples who would have discordant infection sta-
tus, (that is, male infected and female uninfected, or vice versa),
if random assortment of the population occurred.” The
incorporation of test characteristics into the decision model
permitted estimation of the proportion of couples that would be
correctly or incorrectly identified as having discordant infection
status if available screening methods were used.

Markov models depict the natural history of disease as an
evolving sequence of health states, defined to capture impor-
tant clinical outcomes and costs. In our model, health states
were based on the status of the couple, rather than the
individual. Possible health states included: (i) asymptomatic
couple with discordant infection status; (ii) asymptomatic
couple with concordant infection status; and (iii) couple with
concordant infection status, with one partner experiencing
symptomatic HSV-2 infection. These health states were
further subdivided to reflect pregnant and non-pregnant
health states in the female partner.

Transition probabilities derived from the published medical
literature were used to move couples through different health
states over a 25 year period (fig 1). In any given month, a cou-
ple who entered the model with discordant infection status
could remain discordantly infected, or could move to a health
state characterised by symptomatic or asymptomatic infection
in the previously uninfected partner.

We projected medical and patient-time costs, and projected
the effectiveness of screening strategies with regard to new
adult and neonatal HSV-2 infections. The comparative
performance each strategy was expressed using the incremen-
tal cost effectiveness ratio.” Sensitivity analyses were con-
ducted to determine the stability of the results in the face of
reasonable variation in model parameters.

In the base case analysis, we assumed that all couples
remained monogamous over time with a constant frequency
of sexual intercourse, and that the infectiousness of an
asymptomatically infected individual did not decrease over
time.” The analysis assumed a societal perspective and, except
where otherwise stated, followed the reference case recom-
mendations of the Panel on Cost Effectiveness Analysis in
Healthcare and Medicine.”
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Clinical strategies

We evaluated three potential policies: (I) no intervention; (ii)
universal condom use without serological screening; and (iii)
serological screening for HSV-2 with condom use targeted to
serodiscordant couples. Three distinct screening strategies
were considered and included WB alone, screening with type
specific ELISA alone, and screening with type specific ELISA
followed by a confirmatory WB in individuals with a positive
ELISA result (ELISA - WB).

Partners with newly acquired symptomatic infection were
projected to experience an average number of future symptom
days, based on published distributions of relapse rates of
relapse in the first year of symptomatic genital herpes
infection,” and a linear decline in symptom frequency in sub-
sequent years.” Age specific live birth rates were used to esti-
mate the probability that female partners were in the third
trimester of pregnancy at the time of incident infection.” In
the base case, only women experiencing incident infection in
the third trimester were considered to be at risk for maternal-
fetal transmission of HSV-2." We performed exploratory
analyses on the costs, benefits, and cost effectiveness of the
use of aciclovir,"” instead of condoms, to prevent transmission
of HSV-2 to uninfected partners.

Clinical data

Parameters used for the base case analysis are shown in Table
1. In order to estimate each probability and establish its plau-
sible range, we conducted a formal review of the literature
(table 1). A Medline search using the keywords “herpes,”
“transmission,” “vaccine,” “couple,” and “clinical trial” identi-
fied studies published between January 1980 and June 2000.
Additional studies were identified through a manual search of
references and abstracts from major scientific meetings.

For the purposes of this analysis, we regarded the HSV-2
western blot as a perfect test.” Estimates of test performance
of ELISA assumed the use of current assays directed at
antibody to surface glycoprotein G2, which are able to distin-
guish previous infection with HSV-2 from infection with
HSV-1.*

Costs

We assumed that individuals screened would initially require
an initial office visit that would include counselling by a phy-
sician, and that the medical and patient-time costs associated
with such a visit would be equivalent to the costs associated
with an average office visit for genital herpes.” Test costs were
based on estimates provided by manufacturers, combined
with estimates of technician time costs. Monthly costs of con-
doms were based on estimates of wholesale prices obtained
from a survey of discount condom providers,”” combined
with an estimated frequency of intercourse of nine times per
month.*

Individuals infected with symptomatic HSV-2 accrued
medical costs as a result of hospitalisation (if they experienced
a severe primary HSV-2 syndrome), physician visits, and drug
prescribing for symptomatic episodes and long term suppres-
sive therapy.”* It was assumed that patients would be
managed in accordance with current Centers for Disease Con-
trol and Prevention (CDC) guidelines for the treatment of
sexually transmitted diseases.” In base case analyses, it was
assumed that treatment would be with aciclovir, with the costs
of valaciclovir and famciclovir incorporated into upper bound
cost estimates.” *!

Additional medical costs were attributed the excess
occurrence of caesarean sections in women with a history of
genital herpes,” and to the occurrence of neonatal herpes virus
infections. Upper bound cost estimates for neonatal herpes
incorporated lost productivity associated with long term
disability in infants who survive herpes encephalitis.” " * We
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Table 1 Selected model variables

Variable

Value (plausible range)

Reference

Initial prevalence of HSV-2 infection (%)

National Health and

Men 13 (6-24) Nutrition Examination
Women 23 (6-43) Survey®
Annual probability of infection by infected partner (%) 3, 13, 14, 20, 51
Men 5(3-11)
Women 18 (5-22)
Probability of symptomatic disease among infected individuals (%) 40 (9-50) 3,20, 22
Probability of primary HSV-2 syndrome (%)* 50 (35-80) 1,52-54
Average future symptom days among individuals with symptomatic infectiont 7,8,19,55-57
Men 87
Women 66
Relative risk of transmission with regular condom use 0.50 (0.10-0.75) 12-16
Test characteristics
Western blot 28, 30, 58
Sensitivity (%) 100
Specificity (%) 100
Type specific ELISA 30, 59, 60
Sensitivity (%) 96 (80-100)
Specificity (%) 97 (80-100)
Average live births rate per 1000 women (1980-97)
15-19 year old women 53 36
20-29 year old women 114
30-39 year old women 43
Probability (%) of HSV-2 infected infantf
Mother infected in third trimester 10 (5-25) 9,10
Mother chronically infected 0 (0-0.5) 9,10, 61, 62
Probability (%) of death in HSV-2 infected infant 14 (8-21) 25-27 42, 63
Probability (%) of long term sequelae in HSV-2 infected infant 40 (30-50) 25-27, 42, 63
Discount rate (%) 3 (0-10) 64
Costs§
Western blot || $60 ($45-$90) 65
ELISA $5 ($3-$35) q
Condoms (per month) $3 ($1-$10) 13, 24, 37-39

Treatment for primary genital herpes syndrome**

Men $450 ($360-$540) 1,5, 6,41, 54, 66
Women $800 ($640-$960)
Aciclovir
Relapse $16 ($9-$35) 40, 41
Suppressive therapy (monthly cost) $40 ($20-$215)
Clinic visit related to genital herpestt $120 ($20-$145) 5,43
Excess obstetrical costs associated with history of symptomatic HSV-2 infection $300 ($130-$770) 5,63

Lifetime costs of neonatal HSV-2 infection

$110 000 ($85 000-$860 000) 5, 25-27, 42, 63, 67

HSV-2 = herpes simplex virus type 2. ELISA = enzyme linked immunosorbent assay. When only a single estimate was available for a model parameter, we
used upper and lower confidence intervals if available, or varied parameter estimates by + 20%.

*In individuals who experienced a primary genital herpes syndrome, the first symptomatic episode of genital herpes was assigned an average duration of
9-12 days. In the absence of primary genital herpes, the first symptomatic episode was assumed to have an average duration of 4 days, equivalent to the
duration of recurrent episodes of genital herpes. The probability of hospitalisation was considered to be 2% in men, and 8% in women, based on the
probability of severe aseptic meningitis or autonomic dysfunction requiring urinary catheterisation.' >

tBased on population distribution of frequency of symptomatic relapses in the first year of infection, combined with an average duration of relapse of 4
days,'? ***” and a linear decline in symptom frequency of 0.7 relapses/year.? ® *> Assumes that individuals with greater than & relapses/year are treated
with suppressive acyclovir, resulting in a 90% reduction in relapse frequency.®® ¢

tUpper bound estimates for the future incidence and costs of neonatal HSV-2 infection were obtained by introducing a 1/10 000 risk of maternalfetal
transmission of HSV-2 for pregnant women with chronic HSV-2 infection.

§All costs were discounted to present value using a 3% real discount rate,** and were converted to 1999 $US using the US Consumer Price Index for
medical goods and services.** The full costs of tests and vaccine administration also include medical services and patient time costs associated with clinic
visits. Average hourly wage was estimated to be $14.4° Individuals screened prior to vaccine administration were assumed to require a fotal of four clinic
visits (one for screening, and three for vaccine administration), while those vaccinated without screening required only three clinic visits.

|| The cost of western blot was estimated to be approximately two thirds the charge for this test in a reference laboratory.®®

qThe cost of ELISA was based on the list prices of test kits (provided by representatives of Diagnology Inc, Research Triangle Park, NC, USA; Meridian
Diagnostics, Cincinnati, OH, USA; and MRL Diagnostics, Cypress, CA, USA) combined with 3 hours of technician time required for performance and
interpretation of the test. Upper bound cost estimates were based on the list price of a test that can be performed by providers at point of care.*
**Calculated as a weighted average of costs of primary HSV-2 without hospitalisation (two clinic visits, 7 day course of aciclovir, and 2 days off work),

and with hospitalisation (costs of hospitalisation and medications with HSV-2 as a primary diagnosis and cost of 1 week off work).
ttBased on Georgia Medicaid reimbursement of physician and test costs, and lost wages due to 2 hour patient time costs.®

also estimated non-medical costs, including lost wages and
opportunity costs associated with patient clinic visits and hos-
pitalisation, using average US hourly wages."”

RESULTS

Base case

We projected that 23% of the couples in our cohort would be
discordantly infected upon entry into the model (table 2). In
the absence of condom use, the majority of initially uninfected
partners became infected over the subsequent 25 years. The
use of condoms increased the median time to transmission of

infection, and reduced the probability of infection at the end
of the 25 year period.

The clinical outcomes of the five screening strategies in a
hypothetical cohort of 1000 monogamous, heterosexual
couples are presented in table 3. In the absence of screening or
condom use, we projected a total of 170 new infections per
1000 couples over 25 years. The introduction of type specific
ELISA with condom use by test discordant couples reduced
the projected number of infections to 133 per 1000 couples.
The use of ELISA - WB prevented one additional infection in
the cohort. In comparison with this strategy, the use of either
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Table 2 Couple infection status at baseline, and time to concordance among discordant couples

Proportion concordant after 25 years (%)

Median time to concordance (years)

Proportion of couples at

Couple infection status baseline (%) No condoms Condoms No condoms Condoms
M+F+ 1.4 - - - -

M+F- 6.4 99 92 4 7

M-F+ 17.0 72 48 14 27*
M-F- 75.2 - = - -

M+ = male infected. M— = male uninfected. F+ = female infected. F- = female uninfected.
*Model was run beyond the 25 year time horizon in order to estimate median time to concordance.

1000 couples

Table 3 Projected costs and outcomes of five strategies for prevention of HSV-2 infection in a hypothetical cohort of

Incremental cost effectiveness ratio

Cost per
Cost per adult  Cost per neonatal
Neonatal infection symptom day infection
Strategy New infections Symptom days infections Cost averted averte averted
Do nothing 170 5350 0.200 $175 000 - - -
ELISA - WB 132 4040 0.096 $495 000 $8200 $240 $3 075 000
ELISA alone 133 4080 0.099 $506 000 Dominated Dominated Dominated
WB 130 3990 0.091 $590 000 $63 600 $6400 $19 080 000
Universal condom use 130 3990 0.091 $981 000 Dominated Dominated Dominated

HSV-2 = herpes simplex virus type 2; ELISA = enzyme linked immunosorbent assay; WB = western blot. All cost effectiveness ratios rounded to the nearest
$100. Cost effectiveness ratios derived from data in the table may be slightly different from those presented here, because of rounding.

WB alone or condoms for all couples were equally effective,
and prevented an additional two infections.

In the absence of any preventative intervention (for example,
screening or condom use), we estimated that 0.2 neonatal
HSV-2 infections would occur in this cohort over 25 years. The
use of type specific ELISA and condoms would reduce to 0.095
the projected number of neonatal HSV-2 infections.
ELISA - WB prevented an additional 0.003 infections, and the
use of WB alone, or universal condom use, prevented 0.005
infections over the subsequent 25 years, relative to ELISA - WB.

Cost and cost effectiveness

In the absence of any preventative intervention, the 25 year
costs attributable to HSV-2 infection in a 1000 couple cohort
were projected to be approximately $175 000, while screening

with ELISA - WB increased projected costs to approximately
$495 000 per 1000 couples, for an incremental cost effectiveness
ratio of $8200 per infection averted. Screening with WB had an
incremental cost effectiveness ratio of $63 600 per infection
averted relative to ELISA - WB. The strategies of ELISA alone
and universal condom use cost more but were less effective than
competing strategies, and so were “dominated”” A strategy is
“dominated” when it costs more, but provides less health ben-
efit than some competing strategy; a dominated strategy would
not be chosen regardless of available health resources.”

Sensitivity analyses

We tested our model assumptions by performing univariate
and bivariate sensitivity analyses (table 4). A plausible range
was established for each parameter using the highest and

Table 4 Selected univariate sensitivity analyses of the cost effectiveness of ELISA - WB relative to no screening
Projected number of new infections Incremental cost effectiveness of
ELISA — WB relative to no
Variable No screening ELISA - WB screening ($/infection averted)
Baseline values 170 132 8200
Initial population prevalence*
0.06 61 50 24 600
0.34 303 233 5300
Annual probability of infection by partner
Highest 362 312 12 600
Lowest 139 91 7300
Probability of symptomatic disease after infection
0.09 230 177 7700
0.50 148 114 8900
Probability of primary genital herpes syndrome among symptomatic individuals
0.35 170 132 8200
0.80 170 132 8200
Relative risk of transmission with regular condom use
0.25 170 91 3600
0.75 170 150 22 400
Aciclovir used to prevent transmissiont 170 30 12 700
ELISA sensitivity
80% 170 135 9500
100% 170 128 8000
ELISA specificityf
80% 170 132 8700
100% 170 132 7800
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Table 4 continued

Projected number of new infections

Incremental cost effectiveness of
ELISA - WB relative to no

Variable No screening ELISA-WB screening ($/infection averted)
Probability of maternal-fetal transmission with chronic infection§

1/10000 170 132 8200

1/2000 170 132 8100
Probability of maternalfetal transmission following third trimester infection ||

5% 170 132 8400

25% 170 132 7900
Annual decrease in frequency of infercourse

10% 113 75 6800

30% 62 36 9800
Annual decrease in infectiousness

10% 113 75 8500

30% 62 36 13 500
Annual decrease in condom compliance

10% 170 159 25 800

30% 170 166 65 800
Conditional probability of baseline infection in female partner of infected male* *

30% 150 115 8900

50% 122 92 10 200
Average annual number of concurrent partnershipstt

2 339 312 12 200

6 624 611 25100
Expected duration of relationship (years)

1 21 12 25700

5 76 47 8300

10 179 145 7000
Discount rate

0% - - 9200

5% - - 7800

10% - - 7400
Monthly cost of condoms

$1 - - 6400

$10 - - 14 900
Cost of western blot

$45 - - 8100

$90 - - 8500
Cost of ELISA

$3 - - 8100

$35 - - 9800

$100.

95%, at a cost of $40 per month.

1/2000.

averted decreased from $6.3 million to $1.2 million.

HSV-2 = herpes simplex virus type 2; ELISA = enzyme linked immunosorbent assay; WB = western blot. All cost effectiveness ratios rounded to the nearest

*Lower bound values for prevalence (6% in men and women) were based on prevalence in individuals younger than 20 years of age in NHANES-II,
while upper bound values (24% in men, 43% in women ) were based on prevalence in African-American individuals aged 20-29 in NHANES-II.®

tAlthough aciclovir markedly reduces viral shedding in individuals with asymptomatic HSV-2 infection,'” data pertaining to the drug’s effectiveness in
preventing HSV-2 transmission are currently lacking. In these analyses, aciclovir was estimated to reduce the monthly probability of HSV-2 infection by

$When specificity of ELISA was greater than or equal to 99%, ELISA alone ceased to be dominated by the strategy of ELISA—WB, so that the incremental
cost effectiveness ratio of $7800 per infection averted with ELISA specificity of 100% applies to the use of ELISA alone.

§In the base case, it was assumed that neonatal HSV-2 infection occurred exclusively in the context of incident third trimester infection in the mother. When
transmission by women with chronic infection was added to the model, neonates were also at risk of infection if born to women who had prevalent
unrecognised disease prior fo initiation of a monogamous relationship, and to women who acquired HSV-2 within the context of a monogamous
partnership, but outside the third trimester of pregnancy. The incremental cost per neonatal infection averted through the use of ELISA . WB decreased to
$2.90 million with the addition of a 1/10 00O risk of transmission by chronically infected women, and to $1.86 million when the risk was increased to

| As the probability of maternalfetal transmission following third trimester infection increased from 5% to 25%, the incremental cost per neonatal infection

qThe impact of decreasing infectiousness, frequency of infercourse and condom compliance were simulated using a discount function. In the case of

decreasing infectiousness, the risk of infection was discounted at an annual rate of 10-30%, while decreasing frequency of intercourse was simulated by
discounting both the risk of infection and condom costs. Decreasing condom compliance was simulated by discounting the cost and efficacy of condoms in
a similar manner.

**|n this analysis, baseline infection in the female partner was not assumed to be independent of infection in the male partner. In other words, choice of
sexual partner was modelled as assortative, so that an infected man was more likely to choose an infected female partner than would have been expected
by chance alone.

Calculated as a weighted average of costs of primary HSV-2 without hospitalisation (two clinic visits, 7 day course of acyclovir, and 2 days off work), and

with hospitalization (costs of hospitalisation and medications with HSV-2 as a primary diagnosis and cost of 1 week off work).
t1tWe assumed that that the prevalence of HSV-2 in concurrent partners was equivalent to that seen in the general population, and that the rate of
transmission per unit time of HSV-2 within a concurrent partnership was the same as that seen in an ostensibly monogamous long term relationship.

lowest values in the published literature, confidence intervals
when available, and by adopting alternative assumptions to
those in the base case. The rank ordering of strategy effective-
ness remained constant with variation in all parameters
except the specificity of ELISA. When the specificity of ELISA
was greater than 99%, a strategy involving the use of ELISA
alone was no longer dominated by a strategy of ELISA -~ WB.
When the specificity of ELISA increased to 100%, ELISA alone
was as effective as ELISA -~ WB, but was less costly.

Aside from ELISA specificity, the projected cost effectiveness
of ELISA — WB was also sensitive to condom efficacy, costs, and
compliance, to the baseline prevalence of HSV-2 infection in the
population, and to assumptions related to relationship duration
and monogamy. The cost effectiveness of ELISA - WB was less
sensitive, or insensitive, to variation in other model parameters.
Our simulation of aciclovir use resulted in an estimated cost
effectiveness ratio of $12 700 per infection averted, or slightly
more than that associated with condoms.
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Figure 2 Two way sensitivity analyses of the sensitivity and
specificity of HSV-2 type specific ELISA. Each line represents a
different estimate of ELISA specificity. For any specificity, increasing
sensitivity results in a decrease in the incremental cost effectiveness
ratio of screening relative to no screening. Where ELISA specificity is
equal to 80% or 90%, the cost effectiveness ratio represented is that
of ELISA— WB relative to no screening. When ELISA specificity is
equal to 100%, screening with ELISA - WB (broken line) costs more,
but is no more effective than screening with ELISA alone (bottom
solid line), and so is dominated by the latter strategy. Asterisk
represents the base case.
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Figure 3 Two way sensitivity analysis of relationship duration and
the impact of non-monogamy. Curves represent the cost effectiveness
of screening using ELISA ~ WB in monogamous partnerships (solid
thick line), in partnerships characterised by an average of two
additional concurrent partnerships per partner annually (solid thin
line), and in partnerships characterised by six additional concurrent
partnerships per partner annually (broken line). The cost effectiveness
ratio associated with screening is less favourable when relationships
are non-monogamous regardless of expected relationship duration.
For any level of concurrency, the cost per infection averted through
screening initially drops as relationship duration increases. However,
with the passing of time, and as delayed infection occurs in partners
using preventive interventions, the cost per infection averted again
increases. This effect is more marked with higher levels of partner
concurrency. Asterisk represents the base case.

We anticipated that the performance of type specific HSV-2
ELISA might be worsened by use under suboptimal condi-
tions, or improved as a result of ongoing refinement by indus-
try. Therefore we performed two way sensitivity analyses,
varying the sensitivity and specificity of ELISA between 80%
and 100%. Despite substantial changes in test characteristics,
the incremental cost effectiveness ratio associated with
screening remained between $7500 and $10 000 per case
averted (fig 2).

We tested the impact of non-monogamy and abbreviated
relationship duration on the cost effectiveness of screening in
a two way sensitivity analysis (fig 3). Non-monogamy
adversely affected the cost effectiveness of screening, regard-
less of relationship duration. When the expected duration of
relationships was brief, the cost of preventing an incident her-
pes infection through screening was high, dropping sharply as
relationship duration increased. When relationship duration
was greater than a decade, the cost per infection averted
increased again as a result of delayed infections in couples

www.sextransinf.com

Fisman, Hook Ill, Goldie

|
90

Monthly cost of intervention ($)

Percentage reduction in rate of transmission

Figure 4 Two way sensitivity analysis of the monthly cost of an
infervention to prevent HSV-2 transmission and percentage reduction
in the annual rate of transmission. The lines represent the incremental
cost per incident HSV-2 infection averted necessary to implement a
screening strategy using ELISA -~ WB. For a given infervention, the
intersection of test cost with a given threshold line can be used to
estimate the intervention effectiveness that would be required to
reach that cost effectiveness threshold. It should be noted that despite
large differences in projected costs and efficacies, both condom use
(C) and aciclovir use (A) were estimated to have a cost effectiveness
ratio close to $10 000 per infection averted.

making use of herpes prevention interventions,” and as a
result of infections acquired via concurrent partners in
non-monogamous partnerships.

We varied the cost and effectiveness of the intervention to
prevent HSV-2 transmission in a two way sensitivity analysis
(fig 4). It can be seen that programmes involving screening
with ELISA - WB followed by an inexpensive but modestly
effective intervention (for example, condoms), or an expensive
but highly effective intervention (for example, aciclovir)
should be adopted by a society willing to pay approximately
$10 000 to avoid a single HSV-2 infection.

DISCUSSION

We developed a mathematical model to estimate the economic
costs and health benefits that would result from the adoption
of serological screening for HSV-2 infection in monogamous
heterosexual couples. Like any mathematical model, our
model includes simplifying assumptions and incorporates
parameter values that are subject to some uncertainty. None
the less, the model’s projection that screening would decrease
HSV-2 associated morbidity but increase healthcare costs
remained robust in the face of wide ranging sensitivity analy-
ses.

Similarly, our projections related to the use of confirmatory
WB assays for individuals with positive ELISA results were
robust. Under base case assumptions, the use of type specific
ELISA with confirmatory WB would result in fewer incident
cases and lower costs than the use of ELISA alone, as long as
ELISA specificity remains lower than 99%. Thus, based on the
best available data, it can be recommended that if currently
available type specific HSV-2 ELISA assays are used for
screening in monogamous couples, positive test results should
be confirmed using WB assays or other highly specific testing
methods.

The high specificity of WB will decrease the use of interven-
tions to prevent HSV-2 transmission by couples in which
ELISA falsely identifies one partner as infected. This is
expected to diminish costs associated with unnecessary
preventative interventions, as well as psychological distress
resulting from incorrect identification of an individual as
HSV-2 infected. It may be less intuitively obvious that
confirmatory WB should enhance the effectiveness of a
screening strategy. We believe that this enhancement occurs
because of identification of serological discordance in couples
in which one partner has a true positive ELISA result while the
other partner has a falsely positive result. In the absence of
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confirmatory WB, interventions to prevent transmission
would not be used in such couples, since they would be
perceived as concordantly infected.

Using the best available data, we projected that serological
screening could prevent a new case of HSV-2 infection at a cost
of $8000-$9000. In order to compare the cost effectiveness of
screening for HSV-2 to other commonly accepted preventative
health interventions the impact of HSV-2 infection needs to be
valued using a preference based measure of health gains, such
as quality adjusted life years (QALY). However, determining
the QALY gains associated with HSV-2 prevention is methodo-
logically complicated, due to: (i) heterogeneity in the course of
HSV-2 infection; (ii) limitations in the application of health
utility theory to chronic health states punctuated by repeated
exacerbations® *; (iii) the requirement that QALY gains in
adults and newborns be incorporated into the denominator of
the same cost effectiveness ratio; and (iv) by the requirement
that any estimate of QALY gains associated with prevention of
infection would have to incorporate loss of health related
quality of life among asymptomatically infected individuals
who receive a new diagnosis of genital herpes infection as a
result of screening.”

None the less, this analytic framework does allow for
insight into the magnitude of the impact of HSV-2 infection on
health related quality of life that would be necessary for the
cost effectiveness ratio associated with HSV-2 screening to fall
below $50 000 per QALY, a commonly cited threshold. For
example, if prevention of incident HSV-2 infections were asso-
ciated with a net average gain of 0.2 QALY, screening with
ELISA - WB would compare favourably with many commonly
accepted preventative health interventions.” Clinical studies
to assess the impact of HSV-2 on health related quality of life
are a major research priority.

Our analysis is subject to several important limitations. We
have included only asymptomatic, heterosexual couples in
this analysis. The use of serological screening in the partners
of individuals with symptomatic genital herpes, and in homo-
sexual couples, warrants further exploration. Additionally, it
should be noted that our analysis does not address the ques-
tion of serological screening to prevent genital infection with
HSV-1, although this virus does cause a significant, and possi-
bly increasing, proportion of incident genital herpes cases.”

Completion of our analysis has been accompanied by prom-
ising reports of an effective vaccine that appears to prevent
transmission of HSV-2, at least from men to HSV-1 uninfected
women.” Preliminary exploratory analyses (not shown)
suggest that an effective vaccine would provide both health
and economic benefits, relative to currently available HSV-2
preventative interventions.

In conclusion, we found that serological screening for
HSV-2 infection in asymptomatic, monogamous, heterosexual
couples is expected to decrease the incidence of HSV-2 infec-
tion in both adults and newborns, but would increase health-
care costs. Recommendations for national policies on serologi-
cal screening will depend on the value placed on averting
incident HSV-2 infections; as such, we recommend that clini-
cal studies to quantify the impact of HSV-2 infection on health
related quality of life be given high priority. For healthcare
providers of couples who choose to be screened for HSV-2, we
recommend the use of a two step testing strategy consisting of
an initial ELISA followed by a confirmatory WB for positive
ELISA test results.

ACKNOWLEDGEMENT

The authors wish to thank Dr Rhoda Ashley for her kind provision of
data on HSV-2 ELISA test performance, Lydia Napper and Marguerite
Garwood for expert assistance in preparation of the manuscript, and
two anonymous reviewers for helpful suggestions. D Fisman was sup-
ported by National Research Service Award No 5-T32-HS00020-15.

CONTRIBUTORS

DF contributed to the design and construction of the mathematical
model, literature review and synthesis, and manuscript preparation

51

e Symptomatic genital infections caused by herpes simplex
virus type 2 (HSV-2) are common, and may be acquired
from sex partners who have unrecognised HSV-2 infection.
Serological screening could be used to identify individuals
with unrecognised HSV-2 infection, which could reduce the
risk of HSV-2 acquisition by their sex partners

* A mathematical model was constructed to simulate the
natural history of genital herpes infection, and to project the
cost effectiveness of a screening based herpes prevention
strategy in a simulated cohort of monogamous, hetero-
sexual couples

* The model projected that screening could delay new HSV-2
infections, and could reduce the total number of projected
HSV-2 infections, but at a cost of $8000-$9000 per infec-
tion prevented

e The effectiveness of screening with type specific enzyme
linked immunosorbent assays (ELISA) was enhanced, and
costs were decreased, when positive ELISA results were
confirmed through the use of a highly specific herpes
simplex virus western blot

and revision; EH contributed to the literature review and synthesis,
manuscript preparation and revision; SG contributed to the design of
the mathematical model, literature review and synthesis, and manu-
script preparation and revision.

Conflicts of interest: DF, none; EWH, previous honoraria from Glaxo-
SmithKline; SJG, none.

Authors’ affiliations

D N Fisman, Hamilton Social and Public Health Services Department
and Department of Clinical Epidemiology and Biostatistics, McMaster
University, Hamilton, Ontario, Canada

E W Hook Ill, University of Alabama School of Medicine, Birmingham,
AL, USA

S J Goldie, Harvard Center for Risk Analysis, Department of Health
Policy and Management, Harvard School of Public Health, Boston, MA,
USA

REFERENCES

Corey L, Wald A. Genital herpes. In: Holmes K, Mardh P, Wasserheit J,
eds. Sexually transmitted diseases. 3rd ed. New York: McGraw Hill,
1999:285-312.

2 Johnson R, Nahmias A, Magder L, et al. A seroepidemiologic survey of
the prevalence of herpes simplex virus type 2 infection in the United
States. N Engl J Med 1989;321:7-12.

3 Fleming DT, McQuillan GM, Johnson RE, et al. Herpes simplex virus
type 2 in the United States, 1976 to 1994. N Engl ] Med
1997,337:1105-11.

4 Siegal J. The economic burden of sexually transmitted disease in the

United States. In: Holmes K, Sparling P, Mardh P, et al, eds. Sexually

transmitted diseases. 3rd ed. New York: McGraw Hill, 1999:1367-79.

Tao G, Kassler W, Rein D. Medical care expenditures for genital herpes

in the United States. Sex Transm Dis 2000;27:32-8.

Corey L, Fife K, Benedetti J, et al. Intravenous acyclovir for the treatment

of primary genital herpes. Ann Intern Med 1983;98:914-21.

Diamond C, Selke S, Ashley R, et al. Clinical course of patients with

serologic evidence of recurrent genital herpes presenting with signs and

symptoms of first episode disease. Sex Transm Dis 1998;26:221-25.

Benedetti J, Corey L, Ashley R. Recurrence rates in genital herpes after

symptomatic firstepisode infection. Ann Intern Med 1994;212:847-54.

9 Brown Z, Benedetti J, Ashley R, et al. Neonatal herpes simplex virus
infection in relation to asymptomatic maternal infection at the time of
labor. N Engl J Med 1991,324:1247-52.

10 Brown Z, Selke S, Zeh J, et al. The acquisition of herpes simplex virus

during pregnancy. N Engl J Med 1997;337:509-15.

Wald A, Link K. Risk of human immunodeficiency virus infection in

herpes simplex virus type 2-seropositive persons: a meta-analysis. J Infect

Dis 2002;185:45-52.

12 Wald A. Genital herpes. In: Godlee F, ed. Clinical evidence. 3rd ed.

London: BMJ Publishing Group, 2000.

13 Meriz G, Benedetti J, Ashley R, et al. Risk factors for the sexual

transmission of genital herpes. Ann Infern Med 1992;116:197-202.

14 Corey L, Langenberg AG, Ashley R, et al. Recombinant glycoprotein

vaccine for the prevention of genital HSV-2 infection: two randomized

controlled trials. Chiron HSV Vaccine Study Group. JAMA
1999,;282:331-40.

N o O

[ee]

www.sextransinf.com


http://sti.bmj.com

52

15 Wald A, Langenberg AG, Link K, et al. Effect of condoms on reducing

1

2

2

2

2

2

2

2

2

2

2

3

3
3

3

3

3

3

37

3
3

4
4

4

6

0

2

3

4

5

6

7

(o)

9

0

1

N

3

4

(&)

6

8

9

0
1

N

the transmission of herpes simplex virus type 2 from men to women.
JAMA 2001,285:3100-6.

Wald A, Langenberg A, Kexel E, et al. Condoms protect men and
women against herpes simplex virus type 2 (HSV-2) acquisition [abstract].
2002 National STD Prevention Conference, San Diego, CA. Available at
http://www.cdc.gov/nchstp/dstd/2002ConfAbstracts/
2002ConfAbOralB-2.htm. Accessed 15 July 2002.

Wald A, Zeh J, Barnum G, et al. Suppression of subclinical shedding of
herpes simple virus type 2 with acyclovir. Ann Intern Med
1996;124:8-15.

Schacker T, Hu HL, Koelle DM, et al. Famiciclovir for the suppression of
symptomatic and asymptomatic herpes simplex virus reactivation in
HIV-infected persons. A double-blind, placebo-controlled trial. Ann Intern
Med 1998;128:21-8.

Reichman RC, Badger GJ, Mertz GJ, et al. Treatment of recurrent genital
herpes simplex infections with oral acyclovir. A controlled trial. JAMA
1984;251:2103-7.

Langenberg A, Corey L, Ashley R, et al. A prospective study of new
infections with herpes simplex virus type 1 and 2. N Engl J Med
1999;341:1432-8.

Wald A, Zeh J, Selke S, et al. Virologic characteristics of subclinical and
symptomatic genital herpes infections. N Engl J Med 1995;333:770-5.
Langenberg A, Benedetti J, Jenkins J, et al. Development of clinically
recognizable genital lesions among women previously identified as
having “asymptomatic” herpes simplex virus type 2 infection. Ann Intern
Med 1989;110:882-7.

Mertz G, Schmidt O, Jourden J, ef al. Frequency of acquisition of
firstepisode genital infection with herpes simplex virus from symptomatic
and asymptomatic source contacts. Sex Transm Dis 1985:33-9.

Mertz GJ, Coombs RW, Ashley R, et al. Transmission of genital herpes in
couples with one symptomatic and one asymptomatic partner: a
prospective study. J Infect Dis 1988;157:1169-76.

Whitely R, Arivin A, Prober C, et al. A controlled trial comparing
vidarabine with acyclovir in neonatal herpes simplex virus infection. N
Engl ) Med 1991,324:444-9.

Whitely R, Arvin A, Prober C, et al. Predictors of morbidity and mortality
in neonates with herpes simplex virus infections. N Engl J Med
1991,324:450-4.

Lahat E, Barr J, Barkai G, et al. Long term neurological outcome of
herpes encephalitis. Arch Dis Child 1999;80:69-71.

Ashley RL, Militoni J, Lee F, et al. Comparison of western blot
(immunoblot) and glycoprotein G-specific immundot enzyme assay for
detecting antibodies to herpes simplex virus types 1 and 2 in human
sera. J Clin Microbiol 1988;26:662-7.

Schmid DS, Brown DR, Nisenbaum R, ef al. Limits in reliability of
glycoprotein G-based type-specific serologic assays for herpes simplex
virus types 1 and 2. J Clin Microbiol 1999;37:376-9.

Handsfield H, Stone K, Graber J. Report of the genital herpes
prevention consultants meeting 5-6 May 1998. Atlanta: Centers for
Disease Control and Prevention, 1998:1-10. Available at
http://www.cdc.gov/nchstp/dstd/Reports_Publications/
Herpes_Prevention.htm.

Sonneberg FA, Beck JR. Markov models in medical decision making: a
practical guide. Med Decis Making 1993;13:322-38.

Anderson R. Transmission dynamics of sexually transmitted infections.
In: Holmes K, Sparling P, Mardh P, et al, eds. Sexually transmitted
diseases. New York: McGraw-Hill, 1999.

Weinstein MC, Siegel JE, Gold MR, et al. Recommendations of the
Panel on Cost-effectiveness in Health and Medicine. JAMA
1996;276:1253-8.

Wald A, Zeh J, Selke S, et al. Reactivation of genital herpes simplex type
2 infection in asymptomatic seropositive persons. N Engl J Med
2000;342:844-50.

Benedetti J, Zeh J, Corey L. Clinical reactivation of genital herpes
simplex virus infection decreases in frequency over time. Ann Intern Med
1999;131:14-20.

USCensus Bureau. Statistical Abstract of the United States: 1999.
119th ed Washington, DC: Department of Commerce, 1999.

The Condom Factory Ltd. Available at http://
www.thecondomfactory.com. Accessed Accessed 15 July 2002.
aCONDOMaDAY.com. Available from Vcommerce Corp at
http://www.acondomaday.com. Accessed 15 July 2002.
CondumUSA Internet Condom Store. Available from A&A
International Company at http://www.condomusa.com. Accessed 15
July 2002.

Cardinale V, ed. Drug topics red book. Montvale, NJ: Medical
Economics Company Inc, 1997.

Centers for Disease Control and Prevention. 1998 Guidelines for
treatment of sexually fransmitted diseases. MMWR 1998;47 (No
RR-1):1-128.

Randolph A, Hartshorn R, Washington A. Acyclovir prophylaxis in late
pregnancy to prevent neonatal herpes; a costeffectiveness analysis.
Obstet Gynecol 1996,88:603-10.

www.sextransinf.com

43
44
45
46

47

48

49
50

5

52

53

54

55

56

57

58

59

60

6

62

63

64

65

66

67

68

69

Fisman, Hook Ill, Goldie

Bureau of Labor Statistics. Selective data. Available at
http://stats.bls.gov.80/sahome.html. Accessed 15 July 2002.

Cates W. The condom forgiveness factor: the positive spin. Sex Transm
Dis 2002;29:350-2.

Holmes A. Measurement of short term health effects in economic
evaluations. Pharmacoeconomics 1998;13:171-4.

Johannesson M, Pliskin J, Weinstein M. Are health-years equivalents an
improvement over quality-adjusted life years. Med Decis Making
1993;13:281-6.

Smith A, Denham |, Keogh L, et al. Psychosocial impact of type-specific
herpes simplex serological testing on asymptomatic health clinic
attendees. Int J STD AIDS 2000;11:15-20.

Hirth R, Chernew M, Miller E, et al. Willingness to pay for a
quality-adjusted life year: in search of a standard. Med Decis Making
2000;20:332-42.

Kinghorn GR. Herpes simplex type 1 genital infections. Herpes
1999;6:4-14.

Spruance S, Herpes Vaccine Efficacy Study Group. Gender-specific
efficacy of a prophylactic SBA4-adjuvanted gD2 subunit vaccine against
genital herpes disease (GHD): results of two clinical efficacy trials
[Abstract]. In: Craig W, ed. 40th Interscience Conference on
Antimicrobial Agents and Chemotherapy. Toronto: American Society for
Microbiology; 2000.

Bryson Y, Dillon M, Bernstein D, et al. Risk of acquisition of genital
herpes simplex virus type 2 in sex partners of persons with genital
herpes: a prospective couple study. J Infect Dis 1993;167:942-6.
Mertz GJ, Critchlow CW, Benedetti J, et al. Double-blind
placebo-controlled trial of oral acyclovir in firstepisode genital herpes
simplex virus infection. JAMA 1984;252:1147-51.

Bryson Y, Dillon M, Lovett M, et al. Treatment of first episodes of genital
herpes simplex virus infection with oral acyclovir. N Engl J Med
1983;308:916-21.

Corey L, Adams H, Brown Z, et al. Genital herpes simplex virus
infections: clinical manifestations, course, and complications. Ann Intern
Med 1983;98:958-72.

Sacks S, Aoki F, Diaz-Mitoma F, et al. Patient-initiated, twice-daily oral
famcyclovir for early recurrent genital herpes: a randomized,
double-blind multicenter trial. JAMA 1996;276:44-9.

Spruance S, Tyring S, Degregorio B, et al. A large-scale,
placebo-controlled, dose-ranging trial of peroral valaciclovir for episode
treatment of recurrent herpes genitalis. Arch Intern Med
1996;156:1729-35.

Nilson AE, Aasen T, Halsos AM, et al. Efficacy of oral acyclovir in the
treatment of initial and recurrent genital herpes. Lancet 1982;2:571-3.
Ho D, Field P, Irving W, et al. Detection of immunoglobulin M antibodies
to glycoprotein G-2 by Western blot (Immunoblot) for detecting
antibodies fo herpes simplex virus types 1 and 2 in human sera. J Clin
Microbiol 1993;31:3157-64.

Ashley R, Wald A, Eagleton M. Premarket evaluation of the POCkit
HSV-2 type-specific serologic test in culture-documented cases of genital
herpes simplex virus type 2. Sex Transm Dis 2000;27:266-9.

Ashley R, Wu L, Pickering J, et al. Premarket evaluation of a commercial
glycoprotein G-based enzyme immunoassay for herpes simplex virus
type-specific antibodies. J Clin Micro 1998;36:294-5.

Prober C, Sullender W, Yasukawa L, ef al. Low risk of herpes simplex
virus infections in neonates exposed to the virus at the time of vaginal
delivery to mothers with recurrent genital herpes simplex virus infections.
N Engl J Med 1987;316:240-4.

Prober C, Corey L, Brown Z, et al. The management of pregnancies
complicated by genital infections with herpes simplex virus. Clin Infect Dis
1992;15:1031-8.

Randolph A, Washington A, Prober C. Cesarean delivery for women
presenting with genital herpes lesions: efficacy, risks, and costs. JAMA
1993,270:77-81.

Gold M, Patrick D, Torrance G, et al. Identifying and valuing outcomes.
In: Gold M, Seigal J, Russell L, Weinstein M, eds. Cost-effectiveness in
health and medicine. New York: Oxford University Press, 1996:86~123.
University of Washington Virology Research Clinic: for providers.
Available at http://depts.washington.edu/herpes. Accessed 15 July
2002.

Wald A, Benedetti J, Davis G, et al. A randomized, double-blind,
comparative trial comparing high and standard-dose oral acyclovir for
first episode genital herpes infections. Antimicrob Agents Chemother
1994,38:174-6.

Waitzman N, Romano R, Schleffer R. Estimates of the economic costs of
birth defects. Inquiry 1994;31:188-205.

Wald, A, Corey L, Cone R, et al. Frequent genital herpes simplex virus 2
shedding in immunocompetent women: effect of acyclovir treatment. J
Clin Invest 1997;99:1092-7.

Straus S, Seidlin M, Takiff H, et al. Effect of oral acyclovir treatment on
symptomatic and asymptomatic virus shedding in recurrent genital
herpes. Sex Transm Dis 1989;16:107-13.


http://sti.bmj.com

